Drylands are highly vulnerable to desertification and among the most endangered ecosystems. To understand how biodiversity responds to environmental degradation in these fragile ecosystems, we examined whether arthropod, beetle, spider and ant diversity and assemblage structure differed (1) between seasons, (2) among locations (3) between protected areas of tropical dry forest and adjacent communal lands suffering from desertification, as well as (4) how vegetation impacts assemblage structures. We established 12 plots spaced homogenously throughout each protected area and the adjacent communal land at three locations: Beersheba, Bandia and Ngazobil. Within each plot, we measured canopy closure, vegetation height, percent cover of bare ground, leaf litter, grasses and forbs and collected arthropods using pitfall traps during the 2014 dry (May) and rainy (September) seasons. We collected 123,705 arthropods representing 733 morphospecies, 10,849 beetles representing 216 morphospecies, 4969 spiders representing 91 morphospecies and 59,183 ants representing 45 morphospecies. Results showed greater arthropod and beetle diversities (P ¼ 0.002e0.040) in the rainy season, no difference in diversity among locations for any taxonomic group and a difference (P 0.001) in diversity for all taxa between protected areas and communal lands. Assemblage structures of all taxa responded (P ¼ 0.001) to vegetation characteristics, differed (P ¼ 0.015e0.045) between seasons and, with a few exceptions, locations and fragments. Our results illustrate the importance of a multi-taxa approach in understanding biodiversity response to anthropogenic disturbances as well as the value of protected areas in preserving biodiversity of the Sahel.
Introduction
Biodiversity is a multidimensional concept that covers all aspects of biological variation (Wilson, 1988) . It includes the genetic variability within (individual level) and among (population level) individuals, the composition and abundance of species within a particular environment (community level) and the variety of ecological roles species play in nutrient cycling and energy flow (ecosystem level). The impact of anthropogenic disturbances on earth's biota has led to a global biodiversity crisis (Ceballos et al., 2015) . A key strategy to combat biodiversity loss is to create and expand protected areas throughout ecoregionally representative areas (Venter et al., 2014) . Despite increases in the extent of protected areas across the globe, biodiversity continues to decline (Butchart et al., 2010) .
Drylands are one of the least understood, monitored and protected biomes in the world where human demand for farmland, pasture and fuelwood pose serious threats to biodiversity (Brito et al., 2014; Duncan et al., 2014) . These biomes have attracted less scientific attention than other environments because of the perception of drylands as bare regions containing low diversity (Durant et al., 2012) . Drylands receive low amounts of precipitation and have an aridity index value < 0.65, a measure of the ratio between average annual precipitation and total annual potential evapotranspiration (UN Environment Management Group, 2011) . Overexploitation and mismanagement of drylands leave them vulnerable to desertification, defined as the loss of ecosystem services essential to sustaining life resulting from changes in soil and vegetation due to anthropogenic disturbances and/or climatic variations (D'Odorico et al., 2013) . Desertification of dryland ecosystems is worsened by deforestation because the reduction in tree cover exposes the ground to wind and water erosion (Anjum et al., 2010) . This process removes soil fertility, alters the water cycle and prevents vegetation regrowth, making life more difficult for the two billion people who depend on dryland ecosystem services for their livelihoods. High demand for water, farmland, grazing land, fuelwood and construction material further contributes to desertification (Millennium Ecosystem Assessment, 2005) .
The decline in woody vegetation throughout the Sahel has exposed this dryland to desertification and resulted in biodiversity loss (Walther, 2016) . The Sahel is located south of the Sahara Desert, north of the Guinean zone and runs latitudinally across the African continent from the Atlantic to the Indian Ocean. It is characterized by cyclic droughts, long dry seasons and an annual precipitation between 250 and 1100 mm. Despite growing human population and increased demand on natural resources, it remains one of the most vulnerable drylands with only 5% partially and 1% fully protected. Protected areas are vital to vertebrate conservation in the Sahel, with most large mammals unable to exist outside of them. Senegal once contained vast tropical dry forests; today, few protected areas remain in its Sahel, which is characterized by desertified communal lands used as pasture and farmland.
While deforestation and desertification have negatively impacted plants and vertebrates in the Sahel (Walther, 2016) , little is known about how arthropods have been affected. Despite comprising over 90% of terrestrial species, arthropods are often overlooked in biodiversity studies (Briggs, 2016) . Arthropods are excellent indicators of ecosystem health because they play an integral part in maintaining ecosystem processes and are abundant, widely distributed, phylogenetically and functionally diverse, ecologically important, sensitive to environmental disturbance and easy to sample (Kremen et al., 1993; McGeoch, 1998) . In order to gain a more complete understanding of the biodiversity loss occurring in the Sahel and the role protected areas play in arthropod conservation, we examined general arthropod as well as beetle, spider and ant diversity and assemblage structure in western Senegal. We included multiple taxonomic groups since arthropod taxa can respond to environmental disturbances differently (Cabra-García et al., 2012; Fattorini et al., 2012; Beck et al., 2013; Leach et al., 2013) and a dry and rainy season sample to account for seasonal changes in their abundance and assemblage structure (Bourliere and Hadley, 1970) .
The objectives of this study were to determine whether arthropod, beetle, spider and ant diversity and assemblage structure differ (1) between dry and rainy seasons, (2) among locations nested within season and (3) between protected areas of tropical dry forests and adjacent communal lands suffering from deforestation and desertification. We also wanted to (4) identify if environmental characteristics (canopy, leaf litter, grass, forb and bare ground cover as well as vegetation height) relate to assemblage structures for all taxa. We hypothesize that biodiversity, regardless of taxonomic grouping, will be greater in the rainy season compared to the dry season and in the protected areas compared to adjacent communal lands during both seasons. We hypothesize biodiversity will increase with fragment size and that assemblage structure for all taxonomic groupings will differ between seasons, among locations and between protected areas and communal lands. We further hypothesize that: canopy closure will be associated with assemblage structures in protected areas; bare ground and grass cover will be associated with communal land assemblage structures in the dry and rainy season, respectively; leaf litter cover will be associated with protected area assemblage structures in the dry season; and forb cover and vegetation height will be associated with protected area assemblage structures in the rainy season.
Materials and methods

Study locations
We studied arthropod diversity within a human-modified landscape suffering from deforestation and desertification in the Thi es region of western Senegal near the city of Mbour. The climate is semi-arid with 36 C average maximum and 22 C average minimum temperatures (Climate Zone, 2004) . Rainfall in the Sahel is erratic; annual rainfall in Mbour ranges from 200 to 600 mm and typically falls between July 15 and October 15 (Nicholson, 2013) . The remaining 9 months experience no rainfall. Isolated trees, predominately baobab (Adansonia digitata), apple-ring acacia (Faidherbia albida), neem (Azadirachta indica) and mango (Mangifera indica) are scattered throughout a degraded landscape where only a few forest fragments remain. We focused on three of these remaining fragments (Beersheba, Bandia and Ngazobil) that differ in size, management practices, soil characteristics and vegetation.
The Beersheba Project is an agroforestry training school located at 14.3803 N and 16.8091 W with 29-m elevation. Beersheba contains a 100-ha forest that has been regenerating since 2001 through a technique called farmer managed natural regeneration (FMNR) (Cunningham and Abasse, 2005; Tougiani et al., 2009) . Red acacia (Vachelia seyal) and combretum (Combretum glutinosum) dominate the forest, in which staff and students selectively harvest tree branches to produce charcoal and cut annual vegetation for fodder. Guiera (Guiera senegalensis), desert date (Balanites aegyptiaca), gum arabic (Vachelia nilotica) and jujube (Ziziphus mauritiana) also occur sporadically throughout the forest. Beersheba contains 3 ha of thinned forest with drip irrigation for vegetable production during the dry season which serves as a demonstration for growing food among trees. The soil at Beersheba is a chromic vertisol (FAO and Unesco, 1973) . There are many small villages scattered throughout Beersheba's surrounding communal land, where farmers grow millet during the rainy season and graze cattle year-round.
Bandia Reserve is a 1400-ha African safari located at 14.5606 N and 17.0098 W with a 22-m elevation. Bandia is located on a luvic arenosol and lithosol (FAO and Unesco, 1973) and contains a forest characterized by baobab red acacia, gum arabic, kinkeliba (Combretum micranthum), flame thorn (Senegalia ataxacantha), desert date and boscia (Boscia senegalensis). Uncommon species include African birch (Anogeissus leiocarpus), jujube and tamarind (Tamarindus indica). The Somone River runs through the oldest section of the forest which was once a 400-ha preserve before Bandia was purchased in 1986. Bandia expanded its area throughout the 1990's, adding 1000 ha, until it reached its current size in 2002. Bandia fenced these sections and left them to regenerate, managing 200 ha as savanna. The surrounding communal land contains a number of villages with the town of Nguekhokhe located 2 km to the south and Sindia 3 km. Little crop production occurs on this land; its primary use is grazing.
Ngazobil is a Catholic training center with a preserved 300-ha primary forest located along the Atlantic coast at 14.2011 N and 16.8617 W with a 32-m elevation. The soil is a thionic fluvisol (FAO and Unesco, 1973) and grewia (Grewia bicolor) and red acacia dominate this forest. Other trees include baobob, flame thorn, Chinese lantern tree (Dichrostachys cinerea), African mesquite (Prosopis africana), African birch, pink jacaranda (Stereospermum kunthianum), hackberry (Celtis integrifolia), marula (Sclerocarya birrea) and tamarind. Cattle and goats occasionally graze in the southern 150 ha of the protected area but not in the northern section. The city of Joal-Faidiouth is encroaching into the surrounding communal land which is used as grazing land and contains a few vegetable farms and brick houses.
Sampling methodology
At each location, we established twelve 20 Â 20 m plots spaced homogenously within protected areas as well as the surrounding communal land (i.e., 24 quadrats per location; 72 quadrats in all). We took a reference point with a Garmin eTrex 10 (Garmin International Inc., Olathe, KS, USA) in the southwest corner at each location and evenly spaced each plot along transects that head east through the protected area and out into the surrounding communal land. Due to the different size of each forest, we placed plots 250 m apart at Beersheba, 1000 m apart at Bandia, and 500 m apart at Ngazobil. Arthropods display edge effects (Pryke and Samways, 2012) ; therefore, we did not place any plots near the transition zone between the protected area and communal land. We used five 474 ml plastic cups as pitfall traps filled with a mix of 60 ml of antifreeze (ethylene glycol) and 60 ml of windshield wiper fluid (methanol and detergent), which we left for 48 h at each plot. Antifreeze is a commonly used collection agent because it kills specimens quickly while evaporating slowly, and the detergent reduces surface tension to facilitate capture efficacy of small arthropods (Weeks and McIntyre, 1997) . We inserted each cup into a 12-cm wide and 15-cm deep hole at the four corners and in the middle of each plot for a total of 360 pitfall traps during the 2014 dry (May) and rainy (September) season. We placed captured arthropods from each pitfall trap into a labeled canister filled with 70% ethanol for later identification. We sorted, counted and recorded all larval and adult arthropod morphospecies for each pitfall trap; we gave each voucher specimen an identification number and stored it in an individual vial filled with 70% ethanol.
Vegetation characteristics
We measured forest canopy closure with a spherical densiometer during the month of June (Forest Densiometers, Rapid City, SD, USA) by recording the average of four measurements taken in each cardinal direction above each pitfall trap (Lemmon, 1956 ) for a baseline comparison among locations. During both seasons, we measured the percent cover of bare ground, leaf litter, grass and forbs as seen from above (i.e., grass and forb cover reduced bare ground and leaf litter cover so that the four measurements equal 100%) within a 1-m 2 area around each pitfall trap. We also estimated vegetation height within each 1-m 2 area by creating three different height categories: (1) < 10 cm, (2) 
Diversity and assemblage structure
Because taxonomic keys are not readily available for arthropods in this region, we identified each individual to the morphospecies level. However, we were able to place with confidence each morphospecies that belongs within phylum Arthropoda, order Coleoptera, order Araneae and family Formicidae. For each taxonomic grouping, we converted absolute abundances into relative abundances for each pitfall trap and calculated the arcsine transformed mean relative abundance for each plot (McDonald, 2014) . We used this transformed data to estimate morphospecies richness [ P S i¼1 p 0 i ] and Shannon diversity [exp(À P S i¼1 p i ln p i )] in Matlab 7.14.0.739 (MathWorks, Natick, MA, USA) for arthropods, beetles, spiders and ants (Jost, 2006) . We conducted a three-factor nested ANOVA for each taxa at a-level 0.05 using SPSS (IBM Corporation, Armonk, NY, USA). We examined richness and Shannon diversity by (1) season, (2) location nested within season and (3) fragment nested within location nested within season, all as random factors.
We used the metaMDS function in the "vegan" package in R (Oksanen et al., 2017) to perform Nonmetric Multidimensional Scaling (NMDS) using Bray-Curtis similarity measures, three dimensions and a maximum of 1000 iterations for arthropods, beetles, spiders and ants (Minchin, 1987) . We performed a PERMANOVA analysis at a-level 0.05 using Bray-Curtis similarity measures and 999 permutations for F and Bonferroni corrected P-values for all taxonomic groups using the adonis function in the "vegan" package in R (Oksanen et al., 2017) to test for assemblage structure differences between (1) seasons, (2) locations nested within season and (3) fragments nested within location nested within season (Anderson, 2001 (Anderson, , 2006 . We calculated goodness-of-fit statistics (R 2 ) at a-level 0.05 for vegetation characteristics fitted to the NMDS ordinations of the arthropod, beetle, spider and ant assemblages using the envfit function of the "vegan" package in R (Oksanen et al., 2017) with P-values based on 999 permutations.
Results
We collected 123,705 total arthropods representing 733 morphospecies. Within this total, there were 10,849 beetles representing 216 morphospecies, 4969 spiders representing 91 morphospecies and 59,183 ants representing 45 morphospecies. Arthropod richness was greater (F 1,4 ¼ 9.01, P ¼ 0.040) in the rainy season (579 morphospecies) compared to the dry season (422 morphospecies), whereas arthropod diversity was marginal (F 1,4 ¼ 4.81, P ¼ 0.093) ( Table 1) . Beetle richness was greater (F 1,4 ¼ 39.97, P ¼ 0.003) in the rainy season (181 morphospecies) compared to the dry season (87 morphospecies); beetle diversity was also different between the two seasons (F 1,4 ¼ 57.79, P ¼ 0.002) ( Table 1 ). There were no differences between seasons for spider or ant richness and diversity (Table 1) . There were no differences in location richness or diversity for any of the taxonomic groups (Table 1 ). There were, however, differences in richness and diversity between protected areas and adjacent communal lands for all taxonomic groups (Table 1) . Mean arthropod richness at the plot level was greater in protected areas compared to communal lands for all locations in the dry season; Beersheba was the only location where it was greater in the rainy season (Table 2) . Diversity was greater in protected areas for all locations and seasons with the exception of Bandia in the rainy season, which had no difference (Table 2) . Mean beetle richness and diversity at the plot level was greater in protected areas for all locations in the dry season, whereas Beersheba was the only location in the rainy season with greater richness and diversity in the protected area (Table 2) . Mean spider richness and diversity at the plot level was greater in protected areas compared to communal lands for all locations and seasons except Bandia in the rainy season (Table 2) . Mean ant richness and diversity at the plot level in the dry season was greater in communal lands at Beersheba and Ngazobil but greater in the protected area at Bandia; in the rainy season, richness and diversity were greater in communal lands at Bandia and Ngazobil but not at Beersheba ( Table 2) . The NMDS ordination and perMANOVA analyses revealed that arthropod, beetle, spider and ant assemblage structures differed between the dry and rainy season (Table 3) . Arthropod and beetle assemblages differed among locations and between protected areas and communal lands (Table 3 ; Figs. 1 and 2 ). Spider assemblages also differed among locations and there was a difference between protected areas and communal lands in both seasons at Beersheba and Ngazobil but not Bandia (Table 3 ; Fig. 3) . Ant assemblages were different among locations except between Bandia and Ngazobil in the dry season; protected areas and communal lands differed at all locations for both seasons (Table 3 ; Fig. 4 ). We found that vegetation characteristics correlated with the assemblage structures of each taxonomic group (Figs. 1e4) . Percent canopy closure, bare ground, leaf litter, grass and forb, as well as vegetation height contributed (P ¼ 0.001) to explaining the variation in assemblage structures (Table 4) .
Discussion
Our data indicated that protected areas are important for maintaining arthropod diversity within a deforested landscape undergoing desertification. Diversity was greater in the rainy season for arthropods and beetles, locations did not differ and protected areas differed from communal lands for all taxa; however, the response to deforestation and desertification differed by location and taxa. Rainy season assemblage structures were different from the dry season for all taxonomic groups, and with a few exceptions, location and fragment assemblage structures were different for all taxa as well. One might expect severe habitat degradation would negatively affect arthropod communities, but arthropod responses to anthropogenic disturbances can vary greatly (Basset et al., 2001) . As a transitional zone between the Sahara Desert to the north and Guinean zone to the south, the Sahel experiences frequent drought and drastic environmental changes depending on the season (Darkoh, 2003) . Arthropods in the Sahel have adapted to these extreme conditions and may exhibit plasticity in their communities as a result.
Arthropod diversity
Beersheba's protected area is the smallest of the locations and the only one with greater arthropod richness and diversity in both seasons. Selective tree-limb harvesting within Beersheba's 13-yr-old forest creates an open canopy that allows a lush rainy season grass and forb undergrowth. There are 3 ha within Beersheba's protected area under drip irrigation, which keeps vegetative growth artificially high during the dry season, and could provide a refuge for arthropods sensitive to drought conditions. In Gabon, Basset et al. (2008) found that rain-fed agricultural gardens contained the greatest arthropod richness compared to old and young forests and savannas. Another study from Egypt's Sinai Peninsula found something similar within a semi-arid environment: production areas which utilized rainwater harvesting techniques contained greater arthropod diversity than the surrounding natural habitat (Norfolk et al., 2012) . Perhaps it is this combination of open canopy with irrigated land that provides conditions for greater arthropod diversity in Beersheba's protected area during both seasons. Bandia's protected area exhibited greater arthropod richness and diversity during the dry season, with little difference compared to the communal lands during the rainy season. Bandia's protected area is the largest and most heterogeneous forest as it contains old and young forest as well as savanna and riparian ecosystems. In a semi-arid region of Argentina, Gardner et al. (1995) discovered habitat vertical structure had a greater influence on ground-dwelling arthropod diversity than did plant species diversity and distribution. Bandia's communal land was less structurally complex than its protected area; it did, however, contain more trees than communal lands at other locations. Bandia has a high ungulate stocking rate, which limits undergrowth vegetation of grasses and forbs; still, grazing effects in the protected area are less severe than in the communal land where high cattle concentrations promote desertification. In South Africa's Kalahari, arthropod response to grazing changed depending on the severity of shrub encroachment: arthropod diversity increased with the presence of shrubs up to 18% cover and began to decrease as values increased past this (Blaum et al., 2009) . As the rainy season arrived, undergrowth vegetation within both Bandia's protected area and its communal land experienced similar pressure from grazers, and seasonal pools within the communal land increased the heterogeneity of the habitat. This similarity in grazing disturbance and annual vegetation growth in the protected and communal land may be the reason for no difference in arthropod diversity during the rainy season. It is possible that these seasonal factors led arthropods to disperse from Bandia's protected area as the communal land became structurally more similar to the forest. Ngazobil's protected area exhibited greater richness and diversity in the dry season but only greater diversity in the rainy season vis-a-vis communal lands. Ngazobil's protected area is the oldest of the three forests and has a high density of trees with a thick canopy. In contrast to the deforested and desertified condition of Ngazobil's communal land, the thick canopy of its protected area provides shade and leaf litter. Canopy shade prevents understory vegetation growth; as a result, more annual grass is present in Ngazobil's communal land compared to the protected area during the rainy season, despite heavy cattle grazing pressure. We suspect that the reason for similar rainy season richness in the protected area and communal land was the lack of undergrowth vegetation in Ngazobil's forest. Canopy sampling would likely reveal greater arthropod richness in Ngazobil's protected area during both seasons since, as Basset et al. (2003) explain, arthropods in the canopy can be as speciose as the understory.
Beetle diversity
Beetles were the most species-rich group of arthropods, accounting for nearly one third of all species collected. Beetle richness and diversity was greater in the rainy season compared to the dry season, and exhibited opposite responses to deforestation and desertification between seasons: protected areas had greater diversity in the dry season and communal lands were more diverse in the rainy season. With more than a quarter million described species, Coleoptera is the largest insect order and represents a diverse range of functional groups including carnivores, herbivores, frugivores, fungivores, saprophages, necrophages, and xylophages (Triplehorn and Johnson, 2005; Crowson, 2013) . Beetles may respond in contrasting ways depending on habitat preferences of different taxonomic and functional groups. For example, carabid beetles may prefer protected areas with habitat heterogeneity (Kotze et al., 2011) . In contrast, tenebrionid beetles may respond positively to the desertified communal lands. This was observed by Liu et al. (2014) in China, where tenebrionids were dominant in a desertified dryland but did not occur in re-vegetated areas. Further examination of beetle diversity at the family level may produce results with a more consistent response to deforestation and desertification.
Spider diversity
Spiders showed an overall trend of greater richness and diversity within protected areas compared to communal lands, which suggests that deforestation and desertification have had a negative impact on them in the Sahel region of western Senegal. This corroborates other studies that observed reduced spider diversity within open habitats containing bare ground (Bell et al., 2001; Perner and Malt, 2003; Buchholz, 2010; Negro et al., 2013 ). De Mas et al. (2009 found a strong relationship between spider diversity and landscape descriptors in Spain's Pyrenees Mountains. Structural complexity of vegetation and habitat heterogeneity greatly influence spider diversity (Uetz, 1991; Samu et al., 1999; Langellotto and Denno, 2004) , which could explain why protected areas contain greater diversity than communal lands. In a review of spider diversity studies, Prieto-Benítez and M endez (2011) found that land conversion in agroecosystems, rangelands and forests has a negative effect on spider species richness and abundance. Our results align with these studies; however, it should be noted that many of these were conducted in temperate regions of North America and Europe. Fewer studies have been conducted in semi-arid Africa, which has enormous research potential for spider diversity response to anthropogenic disturbances.
We found that spider and arthropod richness and diversity displayed similar trends (Table 2) , which suggests they could be influencing each other. As predators, spiders occupy among the highest trophic level of invertebrates, and their occurrence and abundance is determined not only by vegetation structure but also prey availability (Main, 1987; Hunter and Price, 1992) . Greater prey diversity might be the reason for greater spider diversity, and exploring the potential of spiders as indicator taxa for the ground-dwelling arthropod community in the Sahel could be an area for future research.
Ant diversity
Ants were the most abundant group of our study, accounting for nearly half of all specimens collected. These are frequently the most abundant group captured in arthropod monitoring studies (Nakamura et al., 2007; Pryke and Samways, 2012) . Greater ant richness and diversity in the desertified communal land, however, does not parallel other studies. The majority of ant diversity studies found that they are negatively impacted by land conversion and their diversity declines along with vegetative diversity and structural complexity (Underwood and Fisher, 2006) . In our study, the degraded habitat contained more richness and diversity than the protected, forested habitat, a finding that is the exception rather than the rule (Room, 1975; Belshaw and Bolton, 1993; Ewuim et al., 1997; Gove et al., 2005) .
While many have examined ant diversity within tropical rainforests, fewer studies examined ant diversity response in tropical dry forests. In one such study, Gove et al. (2005) quantified ant community responses to land conversion in Veracruz, Mexico within a tropical dry forest with an average annual rainfall of 1200 mm, twice that of the Sahel. They observed greater ground-dwelling ant densities and species richness within pastures containing isolated trees compared to protected forests. Communal lands in our study contained isolated trees and shrubs, but annual grasses and forbs were completely consumed by cattle within a few months of the dry season. Because communal lands contained few trees and little leaf litter, it may be that ground-dwelling ant species were better represented by pitfall trap sampling in communal lands than in protected areas. Pitfall trap sampling, while ideal for collecting ground-dwelling ants, is less effective at capturing arboreal and leaf litter species (Bestelmeyer et al., 2000) . Additionally, pitfall traps are more likely to capture highly active ant species, and leaf litter and canopy shade reduce ant activity which may explain our finding of greater ground-dwelling ant diversity in communal lands. Ant diversity response to grazing is complex and highly variable, and while numerous studies concluded that grazing has little or no effect on ant diversity, others revealed that it can either increase or reduce diversity (Underwood and Fisher, 2006) . Our study suggests that grazing increases ant diversity even within a heavily grazed and desertified landscape.
Conclusions
Our study showed that deforestation and desertification result in an overall loss of arthropod diversity. We reject the hypothesis that diversity for all taxa would be greater in the rainy season because spider and ant richness and diversity did not differ between seasons (Table 1) . We reject the hypothesis that diversity would increase with fragment size because no taxa differed among locations (Table 1) , and we reject the hypothesis that protected areas would contain greater diversity than communal lands because taxa at some locations were more diverse in communal lands (Tables 1 and 2 ). We fail to reject the hypothesis that assemblage structure for all taxa would differ between seasons, among locations and between protected areas and communal lands (Table 3 ; Figs. 1e4) as well as all hypotheses associating environmental characteristics with assemblage structures (Table 4 ; Figs. 1e4). Similar to other arthropod diversity studies (Didham et al., 1996; Kotze and Samways, 1999; Basset et al., 2008; Gerlach et al., 2013; Yekwayo et al., 2016) , our results illustrate the importance of a multi-taxa approach in understanding biodiversity response to anthropogenic disturbances. Conserving arthropod diversity in the Sahel will require the creation and preservation of more protected areas of a variety of sizes and successional stages at various distances from one another (Yekwayo et al., 2016) . Protected areas are crucial for conserving this region's arthropod diversity; as tropical dry forests face mounting pressures from deforestation and desertification, demand for natural resources will continue to grow as human populations continue to increase, and diversity will likely sustain further losses (Darkoh, 2003) . Small protected areas in isolation will not suffice to offset these losses, unless high quality habitat is conserved that allows improved connectivity and species migration within the agricultural matrix (Perfecto et al., 2009) .
Land-restorative farming practices such as Zai and FMNR have the potential to create habitat within communal lands more similar to that found in protected areas. These two techniques reversed the effects of desertification over millions of hectares in the Sahel while improving agricultural yields and farmer livelihoods (Motis et al., 2013; Tougiani et al., 2009 ). In Niger, farmers have adopted FMNR and converted over five million hectares suffering from desertification into productive agroecosystems and woodlots for sustainable fuelwood consumption. Zai, first promoted by Yacouba Sawadogo in Burkina Faso, equips farmers to restore desertified land and transform it into productive agroecosystems (Reij et al., 2009 ). This improvement in habitat quality within communal lands may help facilitate beneficial arthropod predator and parasitoid migration from protected areas into farmland, where they help control agricultural pests. For example, high quality habitat within coffee agroecosystems in Central America increased arthropod diversity and resulted in improved pest control (Perfecto et al., 2009) . Zai, FMNR and other conservation techniques, if promoted throughout the Sahel, may empower farmers to participate in environmental restoration while also providing a source of fuelwood, more food for their families and fodder for cattle. It may be that the future of numerous taxa depend on farmer adoption of restorative techniques such as these, and it would be beneficial to examine their impact on biodiversity in the Sahel in future studies.
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